Abstract:
Introduction
In recent years, nanocomposite materials have attracted great interest due to their novel structure that provides excellent optical, electrical and catalytical properties as well as good synergistic effects between nanoparticles and conductive polymers. One of the main applications of nanocomposites was in electrocatalytic and sensing domain as their uses in construction of the biosensors improve the analytic performances [1] . Nanoparticles and nanostructured materials comprising metals (Au, Pt, etc.) and semiconductors (SiO 2 , In 2 O 3 :SnO 2 ) that exhibit size-dependent catalytic properties have recently been used as advanced materials for designing next generations of electronic devices [2] [3] [4] . During the last decade indium tin oxide nanoparticles (ITO-NPs) have attracted considerable interest due to their unique optical and electrical properties such as high transmittance in Vis, high resistance in infrared (IR), and very good electrical conductivity. Similar to other semiconductors ITO conductivity is owed to the formation of an oxygen vacancy due to the band gap (3.6 eV) [5] . Moreover, such any conductive nanoparticle, ITO immobilized onto the surface of a solid support increases the active surface of that support, and consequently the modified surface became highly useful in bioanalytical applications or in bio-electronic devices fabrication.
Starting with first generation of sensors and biosensors such devices evolved namely in terms of sensitivity, selectivity, stability, and time response, all these positive steps being based on using as solid support for immobilization of biological material various
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Development of a nanocomposite system and its application in biosensors construction
The present work describes the development of a nanocomposite system and its application in construction of a new amperometric biosensor applied in the determination of total polyphenolic content from propolis extracts. The nanocomposite system was based on covalent immobilization of laccase on functionalized indium tin oxide nanoparticles and it was morphologically and structural characterized. The casting of the developed nanocomposite system on the surface of a screen-printed electrode was used for biosensor fabrication. The analytical performance characteristics of the settled biosensor were determined for rosmarinic acid, caffeic acid and catechol (as laccase specific substrate). The linearity was obtained in the range of 1.06×10 -6 -1.50×10 -5 mol L -1 for rosmarinic acid, 1.90×10 -7 -2.80×10 -6 mol L -1 for caffeic acid and 1.66×10 -6 -7.00×10 -6 mol L -1 for catechol. A good sensitivity of amperometric biosensor 141.15 nA µmol -1 L -1 and fair detection limit 7.08×10 -8 mol L -1 were obtained for caffeic acid. The results obtained for polyphenolic content of propolis extracts were compared with the chromatographic data obtained by liquid-chromatography with diode array detection. modified surfaces. Generally, the use of nanoparticles for biosensors development has two main aims: enhancing the sensitivity of the electrochemical measurements and improving the measurement reproducibility based on highly ordered and uniformly distributed structures due to nanoparticles functionalization.
Laccases are polyphenol oxidases that are used in various applications, due to its broad class specificity and its capability of working without additional cofactors. Laccases are oxidoreductases that catalyze the oxidation of ortho-and para-polyphenols in the presence of molecular oxygen to give the corresponding quinones [6] [7] [8] . Consequently, laccases can be used either in the bioremediation of contaminated soils-oxidoreductases able to oxidize toxic organic pollutants, (as polycyclic aromatic hydrocarbons [9] and chlorophenols [10]) -or in assessment of various polyphenolic compounds generally acting as active principles [11, 12] . Laccases are also used in detection of oxygen [13] and azides [14] .
Phenolic compounds behave as antioxidants according to different mechanisms of action (free-radical scavengers, inhibition of lipoprotein oxidation, quenching of reactive oxygen species, and inhibition of oxidative enzymes) thus providing a protective effect [15] [16] [17] . Nowadays, one of the natural products intensively used in diseases prevention is propolis.
Propolis is a polyphenol-rich (caffeic acid, p-coumaric acid, and quercetin) resin. It is hive product collected by honeybees from plants [18, 19] . The polyphenols from different sources of propolis proved to be effective against atherosclerotic lesions and inflammatory and angiogenic factors [20, 21] . Propolis, as supplement, has many versatile pharmacological activities such as antioxidant, antibacterial, antifungal, antiviral, hepatoprotective, immunomodulatory, etc. Therefore, propolis is used in food to prevent diseases and to improve health. The standard determination methods of propolis extracts are spectrophotometry [22] and chromatography [23] .
Analytical methods used in the qualitative and quantitative determination of polyphenols involve complex techniques such as high performance liquid chromatography (HPLC) and gas chromatography coupled with mass spectrometry detection (GC-MS), techniques that are tedious, time-consuming, and need large quantities of organic solvents. Considering all of these then the allegation regarding the necessity of development of simple analytical devices, easy to use (do not need skilled personnel), and not expensive became a necessity. Such types of analytical tools are biosensors [24, 25] .
In the last years, laccase biosensors were developed for detection of phenolic/polyphenolic compounds. [29] and platinum electrodes [30] . Different immobilization methods have been developed and, among them, solid surface silanization to increase the number of the -OH groups followed by covalent immobilization of the laccase were extensively developed [31] .
The main objective of our work was to develop a nanocomposite system based on laccase immobilization on the surface of ITO-NPs. The applicability of the nanocomposite system was to develop a biosensor based on carbon screen-printed electrode (C-SPE) surface modification with ITO-NPs. The ITO-NPs were functionalized using triethoxysilylbutyraldehyde (TESBA) to form carbonyl groups that are able to further interact with the biological component, laccase. The nanocomposite system was drop-casted onto the surface of a carbon screen-printed electrode and finally stabilized by a Nafion membrane.
The developed biosensor was then applied for the determination of total polyphenolic content (TPC) from propolis extracts, the results being expressed as caffeic acid equivalents (CAE), and the results were compared to those obtained by liquid chromatography with diode array detection (LC-DAD).
Experimental procedure
Materials
Laccase (Lacc) (EC 1.10.3.2 from Trameters versicolor), indium tin oxide nanoparticles, potassium bromide, toluene, ethanol, caffeic acid, rosmarinic acid, catechol, potassium phosphate monobasic, sodium phosphate dibasic, sodium hydroxide, potassium chloride (KCl), acetic acid, sodium acetate, Nafion perfluorinated ion-exchange resin, 10 wt.% dispersion in water, 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) were purchased from Sigma-Aldrich. 4-Aminoantipyrine (4-AAP) was purchased from Fluka. Triethoxysilylbutyraldehyde was purchased from ABCR GmbH & Co. Acetate and phophate buffers were prepared in the range 3.00 to 7.50. All other chemicals were of analytical grade.
Stock solutions of polyphenolic compounds (10 -2 mol L -1 ) were freshly prepared by solubilizing the appropriate amount in either buffer solution or in ethanol, depending on the polyphenolic compounds solubility. Diluted solutions were prepared in phosphate buffer, prepared in 0.1 mol L -1 KCl and adjusted at the working pH (pH = 5.00).
Apparatus and method
Fourier Transform Infrared analysis
Fourier Transform Infrared (FT-IR) spectra were recorded with a Bruker-Tensor 27 Fourier Transform spectrometer equipped with a RT-DLa TGS detector. Each measurement was recorded in transmittance (ratio sample: KBr,1:100) in the range 4000 -400 cm −1 and average value of 128 co-added scans, with 4 cm −1 resolution and 4 mm aperture. The spectra were registered and ascribed using Opus software, version 6.0.
Spectrometric analysis
Spectrometric determinations were performed using an UV-Vis spectrophotometer JASCO V-530. Initially the activity of the used enzyme was determined against ABTS as unspecific substrate. Further, the enzyme assay determined for free and immobilized laccase on ITO-NPs was performed using the maximum of absorbance (λ = 500 nm) of the products resulting from the oxidation of polyphenols used as substrates. 4-aminoantipyrine was used as colour reagent and the measurements were performed at 3 min intervals. The extinction coefficient considered for phenol was 12.880 mol L -1 cm -1 [32].
Dynamic light scattering analysis (DLS)
The size distribution of the modified ITO-NPs was studied on dispersions of the NPs in water (NPs:water, 0.5:2 w:v) using a Zetasizer Nano ZS (Malvern international Ldt.) instrument [33].
Transmission electron microscopy (TEM)
The morphology of modified ITO-NPs was assesed by transmission electron microscopy using a Philips E.M. 208 S device. The ITO-NPs nanoparticles were diluted in water and then deposited on 200 Mesh cooper grids [34].
Electrochemical analysis
The electrochemical experiments (chronoamperometry and cyclic voltammetry (CV)) were performed using a PG-580 Uniscan potentiostat. The electrochemical cell consisted of C-SPE electrodes (DropSens, Spain), the working electrode being made of carbon, the reference being Ag/AgCl and the auxiliary also carbon. The experiments were carried out in drop.
LC-DAD analysis
HPLC analysis of polyphenolic derivatives was performed on a Shimadzu LC 20AD system. Separation was achieved on a 250 mm x 4.6 mm, 5 µm particle, Fortis C18 (Fortis Technologies Ltd.) column at controlled temperature (35 o C). The separation was performed using as mobile phase water and acetic acid at pH 2.5 (solvent A) and acetonitrile (solvent B). Samples were eluted following the subsequent mobile phase gradient: 0.00-30.00 min: 30% to 50% B; 30.00-45.00 min 50% to 65% B; 45.00-55.00 min 65% to 70% B; 55.00-60.00 min 30% B. Flow rate was 0.8 mL min -1 and the injection volume was 20 µL. Considering as main interest compound the caffeic acid, its identification was performed using its retention time (t R = 5.75 min), applying the accepted variance coefficient for real sample with respect to standard compound of maximum 1%.
Preparation of nanocomposite system
Nanoparticles functionalization was achieved using TESBA in order to generate carbonyl groups for the covalent immobilization of Lacc based on the reported data that indicated that this compound is able to reduce the coating time [35] .
The ITO-NPs were treated with 2% TESBA in toluene solution under continuous stirring for 24 hours. Then, the ITO-NPs functionalization with TESBA (TESBA-ITONPs) were rinsed with ethanol in order to remove the excess of reagent and the toluene and dried at 60ºC for 30 min. Water washing was subsequently performed and the functionalized nanoparticles were once more dried. After functionalization, the immobilization of Lacc was performed. The method was based on the reaction between the amino terminal functional groups of the enzyme and carbonyl reactive groups found on the solid surface of the support. The Lacc immobilization on TESBA-ITO-NPs (Lacc-TESBA-ITONPs) surface consisted of the dispersion of a quantity of 50 mg TESBA-ITO-NPs into a Lacc solution that was prepared in 0.1 mol L -1 phosphate buffer pH = 5.00. The mixture was stirred for 12 hours at 16ºC. The modified ITO-NPs were rinsed with distilled water and then dried at 4ºC for 24 hours and stored at -18ºC.The activity of immobilized Lacc was assessed according to the protocol described in previous section, spectrometric analysis paragraph.
Preparation of biosensor (Lacc-TESBA-ITO-NPs-C-SPE)
The biosensor was developed by drop-casting of a 300 mIU Lacc-TESBA-ITO-NPs on the surface of the working electrode (C-SPE) and allowed to dry at 4 o C. After the adsorption of the biological component onto the solid support, a Nafion membrane 0.1% was used for the stabilization of the bio-component. Nafion membrane has a protective role, preventing passivation / poisoning surface and improving analytical performance of the electrode [36] . The biosensor was left to dry 36 h at 4 o C before use.
The Lacc role at the electrode surface as catalysts of the oxidation reaction of benzenediols derivatives is well-known, the biosensor functioning principle being based on the monitoring the reduction current that appears when the quinones are reduced back to the corresponding benzenediols (Fig. 1) [37, 38] .
Sample preparation
Hand collected propolis provided by South Romanian beekeepers was kept in a dry place and stored at 4°C until processing. The sample was divided in small fragments, and extracted with distilled water, 0.2 mol L -1 acetate buffer (pH = 5.00) and 0.2 mol L -1 phosphate buffer (1:10, w:v) (pH = 7.50) at room temperature for 10 days in the dark. Afterwards, the solid material was removed by centrifugation. The samples were brought to a final volume of 5 mL. The so-obtained samples were further filtrated and finally used for HPLC analysis and biosensor analysis.
Results and discussion
Characterization of the nanocomposite system
FT-IR characterization of the nanocomposite system
FT-IR studies were performed in order to obtain information regarding the efficacy of ITO-NPs functionalization with TESBA and, further, laccase immobilization. Following the immobilization process, the intensity of the band at 1704 cm -1 assigned to stretching vibration of C=O bond from the TESBA (Fig. 2, spectrum C) decreased. Modification was due to the immobilization of Lacc on the TESBA-ITO-NPs by covalent bonding [39] between the carbonyl groups of TESBA and the amine groups of Lacc (see Fig. 2, spectrum A) . The immobilized Lacc amide I band was slightly shifted (5 cm -1 ) to lower frequencies and broadened, due to formation of new CO-NH bonds, and respectively amide II band was shifted (4 cm -1 ) to lower frequencies and broadened ( Figs. 2A and 2B) . The band at 1138 cm -1 assigned to stretching vibrations of C-O bonds from Lacc turned into a shoulder after immobilization on the NPs, due to the formation of new C-O-Si bonds.
The specific bands for proteins, amide I (1650 cm -1 ) and amide II (1544 cm -1 ), seems to be not modified subsequent Lacc immobilization on TESBA-ITO-NPs. This proved that the secondary structure of Lacc was not changed; therefore it is supposed that immobilization process did not affect the enzyme functionality.
Spectrometric assessment of the nanocomposite system
As the immobilization of the biological sensing element represents an important aspect when developing biosensors, it was necessary to compare the enzyme affinity towards the substrate of free and covalently immobilized laccase. Therefore, the kinetic parameters of the reactions catalysed by both free laccase and bounded were assessed for different polyphenolic compounds, the most important for our envisaged applications of biosensor being: catechol (as substrate for laccase characterisation), caffeic acid and rosmarinic acid. The last two compounds were assessed being useful as potential nutritional supplements, and, accordingly, of interest in different real samples such are plant extracts, beehive products etc. The values of the apparent Michaelis-Menten constants (K m app ) were calculated according to Lineweaver-Burk equation, and the obtained values are given in the Table 1. The highest enzymatic activities for free Lacc were obtained for the substrates having the OH groups in ortho position (catechol and rosmarinic acid), and the smallest K m app values were obtained for the same compounds, indicating the high affinity of laccase for the ortho substituted substrates. When immobilizing laccase on the NPs it was observed an enhancement in the enzymatic activity probably due to the increase in the contact surface area. In the same time the K m app value for the immobilized enzyme is smaller thus indicating a better affinity toward the substrate [40] .
It can be concluded that Lacc maintained its enzymatic activity after immobilization on TESBA-ITONPs, proving a substrate affinity, and even a highest activity than free laccase (ex: for catechol the assessed activity at 500 nm of free laccase was 8.76 U mg -1 while for Lacc-TESBA-ITO-NPs the determined activity was 14.88 U mg -1 and for caffeic acid the free laccase proved an activity of 4.91 U mg -1 while immobilized was 6.26 U mg -1 ). These results make the developed nanocomposite system useful for construction of sensitive and selective biosensors to determine polyphenol compounds.
Since the pH is influencing significantly the enzymatic activity, several tests were performed in order to assess the optimum pH value for nanocomposite Lacc-TESBA-ITO-NPs. The experiments started from the known fact that for free Laccase from Trametes versicolor the optimum pH is 4.50 [41] ; using various buffers with pH ranging from 3.00 to 7.50 it was noticed that the optimum working pH is around 4.50-5.00. Accordingly, in all further experiments the used pH was 5.00 (see Supplementary Fig. 1 ).
The oxygen influence was studied using ABTS as unspecific substrate for laccase considering its limitations for laccase catalyzed reaction. The MichaelisMenten constants for free and immobilized enzyme were determined (see Table 1 ), and when comparing the values with the published ones [42] it was noticed that immobilized Lacc on ITO-NPs has appropriate affinity to various substrates. Furthermore the oxygen influence on K m app values was assessed by performing K m app determination in an oxygen-saturated solution and in abnormal solution. Under the tested spectrometric conditions (740 mU mL -1 Lacc), the oxygen influence on enzyme activity was low, since the SD calculated for the apparent K m app values determined for saturated oxygen solution and for normal solution was 1.16.
DLS and TEM analysis of the nanocomposite system
The morphology and the size distribution of modified ITO-NPs with Lacc were determined by DLS and TEM. As noticed from TEM image, the Lacc immobilisation on functionalized ITO nanoparticles was effective; moreover when the nanocomposites particles are well dispersed their diameter was under 100 nm (Fig. 3A) ; unfortunately, the nanocomposite system is affected by agglutination phenomena (Fig. 3B ), which give rise to an increased overall size. These conclusions were supported even by DLS experiments. DLS analysis lead to several conclusions proving the effective covering of the ITO nanoparticles with enzyme, since the dynamic diameter of covered ITO-NPs-TESBA-LACC is about 339 nm, while the uncovered ITO-NPs diameters were around 242 nm. The size distribution for the majority of modified nanoparticles, as noticeable from Fig. 4 is ranging between 300 nm and 400 nm diameter.
Since we are not using the modified NPs for in vivo or biomedical applications but for biosensors construction, the NPs agglutination in various conglomerates are not affecting seriously the nanocomposite system utility.
Subsequent modified ITO deposition and drying and after Nafion stabilization, agglutination on the electrode surface was avoided.
Nanocomposite system stability
The stability of the nanocomposite system (Lacc-TESBA-ITO-NPs) was determined in the optimized storage conditions (-18ºC) during 75 days. No significant change in the enzyme activity occurred along the 2 months, in the third month being observed a decrease of 9% in the enzymatic activity (see Supplementary Fig. 2 in supplementary information) .
Operational parameters of the biosensor
Working potential
Cyclic voltammetry was used for the determination of the optimum potential range that will be further applied in amperometric measurements, as the dependence of the biosensor performance on the applied potential The electrochemical experiments were performed as follows: 50 µL supporting electrolyte was added onto the modified electrode and then a certain amount of the standard polyphenolic compounds was added.
Caffeic acid was chosen for the following amperometric measurements, as it is one of the main components of the propolis extracts.
In Fig. 5 are given the CV recorded for the Lacc-TESBA-ITO-NPs-C-SPE in the presence and in the absence of 50×10 -6 mol L -1 caffeic acid. A reduction peak of caffeic acid was observed at a potential of about 50 mV and its corresponding oxidation peak at about 230 mV. As it is shown in Fig. 5 (see inset) by using ITO nanoparticles, although an increasing in the capacity current occurs, the ITO modified electrode proved a better conductivity, the faradaic peak corresponding to the reduction of the enzymatic reaction product being higher with about 60% (the intensity of the faradaic current registered for Lacc-C-SPE was 519 (± 2) nA while for Lacc-TESBA-ITO-NPs-C-SPE was 842 (± 2) nA).
The effect of the applied potential on the Lacc-TESBA-ITO-NPs-C-SPE response was tested and the electroreduction of quinones was noticed starting from 100 mV. In order to perform the optimum choice of the applied potential, the current intensity evolution with applied potential was considered. The applied potential ranged from 100 mV to -10 mV vs. Ag/AgCl and the current intensity increased slightly. Since the maximum current value was obtained for a working potential of -10 mV vs. Ag/AgCl (Fig. 6 ) in all subsequent experiments this value was used, with the additional benefit of avoiding the electrochemical interferences. Moreover, considering the redox characteristics of propolis and polyphenols on carbon electrodes, it is supposed that even matrix interferences should be avoided.
Biosensor response characteristics
Calibration of the Lacc-TESBA-ITO-NPs-C-SPE was performed for caffeic acid, rosmarinic acid and catechol that were used as substrates under optimal experimental conditions. The linearity was obtained in the range of 1.06×10 -6 -1.50×10 -5 mol L -1 for rosmarinic acid, 1.90×10 -7 -2.80×10 -6 mol L -1 for caffeic acid and 1.66×10 -6 -7.00×10 -6 mol L -1 for catechol (Table 2) . At higher concentration of the polyphenol compounds the biosensor showed deviation from linearity. The best detection limit and the highest sensitivity of the developed biosensor were obtained for caffeic acid standard, compound that will be used in order to express the equivalent of total polyphenolic content of propolis extracts. Based on the results obtained when the influence of pH on the immobilized activity was studied, the biosensor characteristics of performances were assessed at a pH = 5.00.
Lacc -TESBA -ITO -NPs -C -SPE stability and reproducibility
The repeatability of the biosensor response was determined for a concentration of 5×10 -6 mol L -1 caffeic acid, measuring the specific current; the average current being 135 nA with a relative standard deviation of 9.33% obtained for five replicates.
The Lacc-TESBA-ITO-NPs-C-SPE was stored at 4ºC. The storage stability of the biosensor was evaluated once a week by measuring the current intensity response for 5×10 -6 mol L -1 caffeic acid. After 15 days the remnant immobilized enzyme activity was 88% and after one month the biosensor retained 75% of its initial activity. In order to evaluate the biosensor operational stability, ten amperometric measurements were performed on the same electrode using 5×10 -6 mol L -1 caffeic acid and for the first seven measurements the biosensor retained 95% of its activity and at the end of the ten measurements the biosensor retained 80% of its activity.
The analytical performance characteristics of the developed biosensor were compared to those found in literature for polyphenol oxidase (PPOx) based biosensors applied for caffeic acid determination (Table 3) .
As it could be noticed, the detection limit (LoD) of the Lacc-TESBA-ITO-NPs-C-SPE is the best compared to the LoD of the other PPOx based biosensors used for the caffeic acid determination, and the sensitivity is comparable to the values obtained in literature. 
Determination of polyphenolic contents from propolis extracts
Considering the role that polyphenols are playing in preserving the antioxidant balance at the level of living organisms, as long as the frequent use of propolis as dietary supplement (and even source of antioxidants) the developed biosensors were applied to evaluate the polyphenolic content from propolis extracts. Three propolis extracts made in three different media were analyzed (aqueous, acetate buffer pH = 5.00, phosphate buffer pH = 7.40). The chemical composition of the propolis extracts used in this work was determined by HPLC-DAD and the main component was found to be caffeic acid. Therefore, preliminary results obtained using the developed Lacc-TESBA-ITO-NPs-C-SPE were expressed in caffeic acid equivalent. The obtained values by biosensor measurements were compared with the HPLC-DAD data (Table 4) . Biosensor was used in the optimal working conditions determined previously for standard polyphenols (caffeic acid, rosmarinic acid etc). Total phenolic content in propolis extracts was determined by interpolation on the calibration curves and checked even by standard addition method. Obtained values for total phenolic content expressed as caffeic acid equivalent are given in Table 4 . As expected the extraction conditions seriously affect the yield of flavonoids and polyphenol extraction [48] . As shown in Table 4 slightly acidic media lead to better extraction yield for polyphenols, while basic media (pH=7.40) lead to a better extraction yield for flavonoids. The variation of radical scavenging capacities measured by ABTS method [49] are consistent with the same conclusions, since the best effect is registered for extraction conditions leading to higher content of flavonoids. The results obtained for antioxidant capacity measured as Trolox Equivalent Antioxidant Capacity (TEAC) reported to mass unit of propolis used for extraction are: for acidic extract (pH = 5.00) 461.94 mmol L -1 ; for basic extract (pH = 7.40) 707.18 mmol L -1 while for aqueous extract 206.21 mmol L -1 . ABTS does not discriminate between OH phenolics providing a response related with total groups able to quench a radical reaction [50] .
It is easy to notice that the developed biosensor is able to discriminate between polyphenols and flavonoids extracted from propolis samples.
Anyway, despite the significant differences existing between the total polyphenolic acids content determined as caffeic acid equivalent by biosensor measurement and by HPLC-DAD measurement (as given in Table 4 ), when attempting to fit the results obtained for the three types of extracts it was noticed that the values obtained by both methods are not spread, matching as trend line with a correlation coefficient of 0.9852 (r 2 ) Current work and slope of 1.0941. This proves that the developed biosensor might be applied to determination of total phenolic acids from propolis samples, if the contribution to the errors registered for biosensor response is clearly ascribed.
Studies of the interferences on the biosensor response
When dealing with biosensors, two types of interferences have to be considered, namely electrochemical and chemical interferences (generated by the sample matrix). Based on the working potential that was -10 mV vs Ag/AgCl reference electrode, the electrochemical interferences are not significant. Anyway, interferences of other polyphenolic compounds occurring in propolis (since the biosensor application is oriented toward propolis assessment) should be considered the main classes of compounds: flavonoids, terpens and lignins. Since the laccase has no affinity for terpens, and moreover neither terpens nor lignins are easily extractable in the used conditions, the compounds checked compounds at the present stage are flavonoids (flavonoid derivatives). Caffeic acid recovery tests were performed, for a concentration of 1×10 -6 mol L -1 caffeic acid, in the presence of 1×10 -6 mol L -1 epicatechin (as model for flavonoid derivatives). The recovery of caffeic acid in the spiked solution ranged between 102% and 128% for 5 determinations, proving that the sensor response is affected by chemical interferences. Further experiments to optimize the biosensor response will be performed. Anyway, with appropriate selective extraction of polyphenolic acids the biosensor may be used for propolis polyphenols content assessment.
Conclusions
A new nanocomposite system, based on effective laccase immobilization by covalent interaction between the amino terminal functional groups of the enzyme and carbonyl reactive groups found on the ITO-NPs was developed. The nanocomposite system proved to have promising results in biosensors construction and, further, it may be used as potential catalyst of phenolic pollutants decomposition, based on results obtained for catechol use as enzymatic substrate. A stable, sensitive, simple and novel laccase-based biosensor, with better performance characteristics with respect to existing data was developed and optimized for the determination of total polyphenolic content from propolis extracts. -7 μmol L -1 were obtained for rosmarinic acid, caffeic acid and catechol. The electrode showed good stability for 1 month when stored at 4ºC.
